Eucaryotic cells contain three basic fibrous structures: filaments, microfilaments, and microtubules. These three structures are thought to be intimately involved in the maintenance of cell shape, in cell movement, and in other important cellular functions (1) . Microfilaments are thought to contain actin. This assumption is based on the observation that these structures can be selectively decorated with heavy meromyosin, a specific proteolytic fragment of muscle myosin known to interact with muscle actin (2) . Furthermore, actin is now now known to exist as a major protein component of a variety of non-muscle cellular types and in each case it has properties markedly similar to those of its muscle counterpart (3-7)*. The major protein of the microtubular system, tubulin, has been isolated and well characterized (9) . The basic protein subunit of the filament structure, however, has not so far been identified. Presumptive muscle proteins like myosin (10) (11) (12) (13) and tropomyosin (14) have been found in some non-muscle cells. However, their exact distribution within the cell, as well as their specific localization in one of these fibrous structures, is as yet undetermined.
We have developed a relatively simple way of selectively visualizing filamentous structures in the cell by using antibodies made against different structural proteins. The (8) .
was used to obtain an antibody in rabbits. The antiserum obtained was shown by immunodiffusion and complement fixation to be specific for actin. This antibody was then used in indirect immunofluorescence to show that microfilaments are polymers of actin. This technique also enabled us to demonstrate the complex network of actin filaments in a variety of cell types.
MATERIALS AND METHODS
Growth of Cells. Actin was isolated from the cell line SV101, a clone of mouse fibroblast 3T3 cells transformed by Simian virus 40. This transformed cell line was chosen because it grows to a higher saturation density than the parent 3T3 cell line (15) . The cells were grown in roller bottles (Vitro Corp.) in Dulbecco's modified Eagle's medium containing 10% calf serum and 50 ug/ml of gentamycin. At confluency, the medium was removed and the cells were washed with phosphatebuffered saline (PBS). The cells were then scraped off the bottles, collected by low speed centrifugation, and stored at -70g
Preparation of Actin. The cells were thawed and homogenized in 20 volumes of 95% ethanol. The precipitate was collected by low speed centrifugation, washed immediately with ether, and air dried. The yield from 10 bottles was approximately 1 (Fig. 1) ; (ii) it precipitates characteristically at a low ammonium sulfate saturation (12) This method has the further advantage that SDS denatured proteins often make good antigens and allow one to use many different proteins as antigens from the same high-speed supernatant. The procedure is of general applicability and will be described in detail elsewhere (E.L. and K.W., manuscript in prel)aration).
The proteins, moving as a major band at molecular weight 45,000 on SDS slab gels were recovered from the gels by elution. Approximately 800 lg of protein were obtained and this material was used as an antigen. Previous experiments involving ion exchange chromatography of the high-speed supernatant had shown that actin constituted more than 85% of the total protein moving in this molecular-weight range. The remaining 15% was shown to have different chromatogralphic properties than actin and showed a small number of minor species on polyacrylamide gels at pH 4 The antiserum is specific for actin as judged both by immunodiffusion and complement fixation, using the purified mouse fibroblast actin preparation (Fig. lb) and the homogeneous preparation of chicken muscle actin (Fig. la) . The results of the immunodiffusion assay are shown in Fig. 2 .
Both mouse fibroblast actin and chicken actin show a single precipitin line when diffused against the antiserum. In complement fixation the antibody shows complement fixing ability at a dilution of 1: 150 both with the mouse fibroblast actin and the chicken actin. Complement fixation was performed by a modification of the micro method of Sever (20) (Osborn and Weber, in preparation).
Since the antibody appeared to be specific for actin, we attempted to use it for indirect immunofluorescence (21) in the hope of revealing the intracellflar distribution of actin. Cells grown on coverslips were fixed in formaldehyde for optimal preservation of fibrous material and were then stained with antibody using the indirect immunofluorescent technique (see Materials and Methods). Fig. 3 shows the fluorescence pattern of the mouse fibroblast 3T3 cell line and a baby hamster kidney cell line (BHK) stained with the actin antibody. The fluorescent staining reveals a multitude of actincontaining filaments marking clearly the cell periphery and spanning the interior of the cell frequently parallel to each other. A multitude of patterns have been observed with varying degrees of complexity and each cell appears to have its own individual way of portraying its actin filamentous network. However, after observing hundreds of cells, two major patterns appear to prevail in the cell types tested so far. One is that shown in Fig. 3b and c where the fibers run parallel to each other along the long axis of the cell. The other is that shown in Fig. 3a where actin filaments seem to converge at what we have named "focal points." Control experiments with rabbit antiserum obtained before immunization reveal no fluorescent fibers. Furthermore, antibodies obtained against other cellular structural proteins reveal a very different fluorescent staining pattern.
As shown above (Fig. 2) , the antibody cross reacts with chicken muscle actin. We therefore studied the staining pattern of cultured primary chick embryo myoblasts in early myogenesis (Fig. 4) . Besides the usual actin-containing filaments, the fluorescence reveals the characteristic banding striations of actin in newly formed myofibrils.
DISCUSSION
It is known that actin is a major component of eucaryotic cells. It accounts for some 10% of the cells' proteins. Mouse fibroblast actin coelectrophoreses with chick muscle actin and has a molecular weight of 45,000. Not surprisingly, therefore, actin purified from SV101 fibroblasts shows the same properties as the protein extensively studied from a variety of different cell types.
SDS-denatured actin obtained by preparative gel electrophoresis of a cell extract after high speed centrifugation has proven to be a good antigen in rabbits. The antibody obtained -reacts with native actin from SV101 cells and with highly purified chick muscle actin both by immunodiffusion and complement fixation. The antibody was directed against a specific class of proteins coelectrophoresing with actin and having a molecular weight of 45,000. While the possibility of obtaining antibodies against other minor proteins in the same molecular-weight range is likely, the possibility of obtaining antibodies to proteins with different polypeptide molecular weights is excluded. Thus the previous difficulty of obtaining an actin specific antibody due to the presence of contaminating tropomyosin is circumvented (22) bundles are also seen frequently to converge together in patterns very similar to the "focal points" observed by immunofluorescence (unpublished observations with R. Goldman). Since the fluorescence is seen also in close association with-the plasma membrane, the actin filaments observed with immunofluorescence correspond to the microfilaments observed by electron microscopy. This conclusion is further substantiated by the finding that only microfilaments are decorated with heavy meromyosin (2) . The technique of immunofluorescence is convenient and fast, and allows the screening of a large number of cells under a variety of experimental conditions. The availability of antibodies to other major structural proteins will enable us to use this technique to study the intracellular localization of these proteins. This experimental approach has been previously used successfully to localize myosin (24) , the light chains of myosin (25) , and troponin (26) in myofibrils.
The immunofluorescent demonstration that actin exists in filamentous structures gives us a tool to compare structural differences between normal and transformed cells during various stages of their cell cycle. We hope that the convenience of this technique will aid in answering major questions of cellular structure and movement.
